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(54) Method and apparatus for RSSI measurement in a digital radio system 

(57) A radio communication apparatus according 
(MS1-MS4} to the present invention Is provided with a 
first and second correction tables (22) for correcting the 
measurement values of RSSI information by reception 
condition. The apparatus measures not only the RSSI 
information of the radio channel in a reception period 
(SR1, SR4) of the radio channel assigned to itself by a 
TDM A scheme but also the reception period of the other 
radio channels in an idle period (I), and then corrects 
(4c) (4i) the RSSI information measurement values on 
the basis of the first and second correction tables (22). 
The corrected RSSI information measurement data is 
reported to the base station (BS1-BS4) for MAHO. 
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Description 

This invention relates to a radio communication 
apparatus used in a cellular mobile radio communica- 
tion system, such as an mobile telephone system, a 
hand held phone system, or a cordless telephone sys- 
tem, and more particularly to a digital radio communica- 
tion apparatus having the function of measuring the 
reception signal strength indicator (RSSI) information of 
radio channels. 

In recent years, a digital scheme has been replac- 
ing an analog scheme and getting dominant in the field 
of cellular mobile communication systems. 

The digital scheme is such that in the transmission 
apparatus, the audio signal and data are coded and the 
carrier is modulated digitally by, for example, a QPSK 
(quadrature phase shift keying) scheme using the 
coded signal, and then the modulated carrier sent from 
the transmission apparatus is received by the reception 
apparatus, in which the received signal is demodulated 
digitally, and thereafter the demodulated signal is 
decoded to reproduce the audio signal and data. 

Furthermore, many cfigital cellular mobile radio 
communication systems have used a time-division mul- 
tiple access (TDMA) scheme as a radio channel 
accessing method. The TDMA scheme is such that a 
plurality of stations transmit signals using the same car- 
rier in such a manner that the signals may not overlap 
each other in time. FIG. 7 shows an example of a frame 
format in the TDMA scheme. In each of an up carrier 
and a down carrier, a single frame consists of six time 
slots. When a mobile station gets into communication 
with a base station, a pair of empty time slots is selected 
from the six pairs of time slots in the half rate transmis- 
sion mode, whereas two pairs of empty time slots are 
selected from the six pairs of time slots in the full rate 
transmission mode. Then, the selected slot pairs are 
assigned to the mobile station as radio channels. FIG. 7 
shows an example of allocating time slots in the full rate 
transmission mode. The shaded portions ST1. SRI and 
ST4, SR4 indicate the assigned slots. 

This type of system provides what is called MAHO 
(mobile assisted hand-off), which is such that when the 
quality of the radio channel has deteriorated during 
communication, the radio channel is changed to 
another radio channel. FIG. 8 illustrates the operation 
sequence of MAHO. 

The mobile station always measures the RSSI 
information of the radio channel now in use and the 
other radio channels and the bit error rate (BER). The 
measuring of the RSSI and BER of the radio channel 
now in use is done in a reception slot period SR1 . The 
measuring of the RSSI and BER of the other radio chan- 
nels is effected in an idle period I excluding reception 
slot period SRI and transmission slot period ST1. It is 
assumed that in this state, the base station has sent a 
measurement instruction to the mobile station now in 
communication. Then, the mobile station returns a 
response to the instruction and then reports the latest 



measurement data on the RSSI and BER obtained at 
this time to the base station. Receiving the report of the 
measurement data, the base station instructs the 
mobile station to end the measurement. After the mobile 

5 station has returned a response to the end instruction, 
the base station judges the quality of the radio channel 
now being used, on the basis of the measurement data. 
If the quality of the radio channel currently being used 
has deteriorated below a specific level, the base station 

10 will Instruct the mobile station to hand off the channel to 
another empty channel. In response to the hand-off 
instruction, the mobile station hands off the channel to a 
new radio channel and thereafter communicates with 
the base station through the new radio channel. There- 

75 fore, for example, even if the mobile station has moved 
to another cell during communication, it can continue 
communication. 

When MAHO is performed, however, conventional 
radio communication apparatuses have caused the foi- 
st? lowing problem. In a radio communication apparatus 
used in a digital mobile radio communication system, an 
AGO circuit is provided in the reception system. The 
AGO circuit functions so that the received signal may 
not be saturated even when a high-level modulated sig- 

25 nal has been received, and thereby enables the ampli- 
tude information component of the QPSK modulated 
signal to be demodulated accurately For this reason, 
the time constant of AGO is set at a value (e.g.. 400 
msec) large enough to prevent the amplitude informa- 

30 tion component of the QPSK modulated signal from 
being followed up. 

In a radio communication apparatus using the 
TDMA scheme, the AGO circuit is brought into an oper- 
ating state only in the reception slot periods SRI and 

35 SR4 of its own station and is out of operation in the 
other periods as shown In FIG, 7. Since the AGO circuit 
has a small time constant as indicated above, it holds 
AGO value at the end of the reception slot and it starts 
operating with this AGC value when the next reception 

40 slot assigned to the station is supplied to the station. 
During any other channel period, the AGC circuit 
remains inoperative. This is because the AGC loop can- 
not operate as fast as the AGC circuit during this period 
since the RSSI -measuring time is much shorter (about 

45 2 msec) than the AGC time constant. Because of this, 
the conditions for the measurement of RSSI in the 
reception slot periods SR1 , SR4 differ from those for the 
measurement of RSSI in the idle period 1. depending on 
the on/off operation of the AGC circuit, with the result 

so that RSSI cannot be measured accurately. 

The object of the present invention is to make it 
possible to always measure the quality of radio chan- 
nels accurately by eliminating the effect of changes in 
the reception conditions. 

55 To achieve the object, a radio communication appa- 
ratus of the present invention is provided with a first and 
second correction tables for correcting the measure- 
ment values of RSSI information by reception condition. 
Then, the apparatus measures not only the RSSI infbr- 
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mation of the radio channel in a reception period o1 the 
radio channel assigned to itself by a TDMA scheme but 
also the RSSI information of the other radio channels in 
an idle period, and then corrects the RSSI information 
measurement values on the basis of the first and sec- 
ond correction tables. 

Therefore, with the present invention, by previously 
preparing the first and second correction tables so as to 
correspond to, for example, the reception conditions 
that change, depending on whether the AGO circuit is 
on or off, both of the measurement values of RSSI infor- 
mation obtained when the AGC circuit was on and the 
measurement \^lues of RSSI information obtained 
when the AGC circuit was off are corrected on the basis 
of the most suitat3le correction tables. This makes it pos- 
sible to always obtain the accurate RSSI information 
measurement data, regardless of whether the AGC cir- 
cuit is on or off. Therefore, use of the RSSI information 
measurement data makes It possible to always carry out 
accurate hand-off. 

Two methods of measuring RSSI information can 
. be considered. One method is to start the measurement 
of RSSI information at the request of the base station 
and report the obtained measurement data directly to 
the base station. With this method, because the radio 
communication apparatus measures the RSSI informa- 
tion only when an request has arrived from the base sta- 
tion, the apparatus can not only always report the latest 
measurement data to the base station but also sup- 
press the power consumption of the apparatus. 

The other method is to allow the radio communica- 
tion apparatus to start the measurement of RSSI infor- 
mation at regular intervals or with artxtrary timing and 
store the obtained measurement data. Then, when a 
request has arrived from the base station, the apparatus 
reads the measurement data and reports it to the base 
station. With the method, the measurement data can be 
reported in a short time at the request of the base sta- 
tion, enabling high-speed hand-off. 

The following method is effective in determining 
measurement data. The measurement of the RSSI 
information of a single radio channel is made a plurality 
of times. The RSSI information measurement values 
obtained from the measurements are corrected on the 
basis of the correction tables. Then, the average of 
these corrected measurement values is taken and 
determined to be the measurement data. Use of these 
methods make it possible to reduce the effect of a tem- 
porary change in the transmission characteristics, 
including fading, and therefore determine the RSSI 
information accurately. 

Furthermore, with a radio communication appara- 
tus that selectively uses a TDMA scheme and an FDM A 
scheme as a radio accessing scheme to the base sta- 
tion, correction tables are provided so as to correspond 
to the reception conditions in a radio channel (a first 
period) assigned by the TDMA scheme, the reception 
conditions in an idle period (a second period) excluding 
the radio channel, and the reception conditions in a 



radio channel (a third period) assigned by the FDMA 
scheme. Then, the RSSI information measurement val- 
ues obtained in each of the first, second, and third peri- 
ods are corrected on the basis of each of the first, 

5 second, and third correction tables, thereby producing 
the accurate measurement data corresponding to the 
respective reception conditions. 

By doing this, the correction of RSSI information 
measurement values can be effected accurately 

10 according to each mode even with a radio communica- 
tion apparatus of a dual mode combining an analog 
mode and a digital mode. This makes it possible to per- 
form accurate hand-off in either the analog mode or the 
digital mode. 

IS TTiis invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a schematic representation of a conf igura- 
20 tion of a cellular radio communication system 
according to an embodiment of the present inven- 
tion; 

FIG. 2 is a circuit block diagram of a hand held 

phone according to an embodiment of the present 
25 invention; 

FIG. 3 is a circuit block diagram of the important 

portion of the hand held phone shown in FIG, 2; 

FIG. 4 shows the RSSI sensing characteristic of 

AGC being on and off; 
30 FIG. 5 illustrates the correction curves of the first 

and second correction tables; 

FIG. 6 is a flowchart for the RSSI measurement 

procedure and its description; 

FIG. 7 illustrates a frame format in tiie TDMA 
35 scheme and the AGC on/off timing; and 

FIG. 8 shows an example of the sequence of 

MAHO. 

FIG. 1 shows a schematic configuration of a dual- 

40 mode cellular mobile radio communication system 
according to an embodiment of the present invention. 
This system comprises a control station CS, a plurality 
of base stations BS1 to BS3. and a plurality of nrK3bile 
stations MU1 to MU4. The control station CS is con- 

45 nected to a wire telephone network NW via a cable 
channel CL The base stations BS1 to BS3 are con- 
nected to the control station CS via the cable channels 
CL1 to CL3, respectively. The base stations BS1 to BS3 
form radio zones El to E3, respectively. The mobile sta- 

50 tions MU1 to MU4 are connected to the base stations 
BS1 to BS3 via radio channels in the radio zones E1 to 
E3 of the base stations BS1 to BS3. respectively. The 
radio channels are roughly divided into a control chan- 
nel group and a speech channel group. The speech 

55 channel group consists of a plurality of analog speech 
channels for an analog mode and a plurality of digital 
speech channels for a digital mode. 

The mobile stations MU1 to MU4 include mobile tel- 
ephones and hand held phones. Each of the hand held 
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phones is constructed as follows. FIG. 2 is a circuit 
block diagram showing the configuration of a hand held 
phone. 

in the figure, with the digital mode being on, the 
radio-frequency signals sent from the base stations BS1 
to BS3 are received by an antenna 1 and inputted to a 
receiver 3 via a duplexer 2. The receiver 3 mixes the 
radio-frequency signals with the reception local oscilla- 
tion signal outputted from a frequency synthesizer 
(SYN) 4 to down-convert them into a reception interme- 
diate-frequency signal. The frequency of the reception 
local oscillation signal generated by the frequency syn- 
thesizer 4 is specified by the channel control signal SYC 
outputted from a controller 20. 

The reception Intermediate frequency signal out- 
putted from the receiver 3 is converted into a digital sig- 
nal at an A/D converter (not shown) and then is inputted 
to a digital demodulator 6. The digital demodulator 6 
demodulates the reception intermediate frequency sig- 
nal digitally to convert it into a digital baseband signal. 
The digital baseband signal outputted from the digital 
demodulator 6 includes a digital speech signal and a 
digital control signal. Of them, the digital control signal 
DMC is taken in by the controller 20. which identifies it 

On the other hand, the demodulated waveform of 
the digital speech signal is equalized at an equalizer 7 
and then inputted to a channel-encoder/decoder (here- 
inafter, referred to as a channel-codec) 8. The channel- 
codec 8 performs an en'or-correction decoding process 
on the digital speech signal supplied from the equalizer 
7, The error-con-ection decoded digital speech signal is 
inputted to a speech-encoder/decoder (hereinafter, 
referred to as a speech-codec) 9. The speech-codec 9 
performs a speech decoding process on the digital 
speech signal. The speech signal outputted from the 
speech-codec 9 is converted into an analog speech sig- 
nal at a D/A converter (not shown) and is then inputted 
to an analog switch 10. In response to the switch control 
signal SW outputted from the controller 29, the analog 
switch 10 is controlled so that the receiving speech sig- 
nal outputted from the speech-codec 9 may be selected 
and outputted with the digital mode being on. As a 
result, the receiving speech signal outputted from the 
speech-codec 9 is supplied via the analog switch 10 to 
a speaker 1 1 , which amplifies and outputs the signal. 

In contrast, the user's sending speedi signal col- 
lected by a microphone 12 is inputted to an analog 
switch 13. At this time, in response to the switch control 
signal SW outputted from the controller 20. the analog 
switch 1 3 is controlled so that the sending speech signal 
may be inputted to the speech-codec 9 with the digital 
mode being on. Therefore, the sending speech signal is 
converted into a digital sending speech signal at an A/D 
converter (not shown) via the analog switch 13 and then 
is inputted to the speech-codec 9. 

The speech-codec 9 performs a speech coding 
process on the digital sending speech signal. The digital 
sending speech signal outputted from the speech- 
codec 9. together with the digital control signal from the 



controller 20, is inputted to the channel-codec 8. The 
channel-codec 8 performs an error correction coding 
process on both of the digital sending speech signal and 
digital control signal. The coded digital sending speech 

5 signal is inputted to a digital modulator 1 4. 

According to the digital sending speech signal, the 
digital modulator 14 generates a signal modulated by a 
7^/4 DQPSK (7t/4 shifted differentially encoded quadra- 
ture phase shift keying) scheme. The modulated signal 

10 is converted into an analog signal at a D/A converter 
(not shown) and then is inputted to a transmitter 5. The 
transmitter 5 combines the analog signal with the trans- 
mission local oscillation signal from the frequency syn- 
thesizer 4 to up-convert it to a radio transmission signal 

75 and further high-frequency-amplifies the radio transmis- 
sion signal. Then, the radio transmission signal from the 
transmitter 5 is supplied via the duplexer 2 to the 
antenna 1 , which transmits the signal to the base sta- 
tion. 

20 On the other hand, with the analog mode being on, 
the radio frequency signal sent via an analog speech 
channel from the base station is received by the 
antenna 1 and then is inputted via the duplexer 2 to the 
receiver 3, which down-converts it into a reception inter- 

25 mediate frequency signal. The reception intermediate 
frequency signal from the receiver 3 is inputted to an 
analog audio circuit 15. The analog audio circuit 15 is 
FM-demodulates the reception intermediate frequency 
signal and then audio-amplifies the modulated signal. 

30 The baseband analog speech signal from the analog 
audio circuit 15 is inputted to the analog switch 10. At 
this time, with the analog mode being on, the analog 
switch 10 has been controlled by the switch controlled 
signal SW from the controller 20 so that the analog 

35 speech signal may be selected and outputted. The ana- 
log speech signal from the analog audio circuit 15 is 
supplied via the analog switch 10 to the speaker 11, 
which amplifies and outputs the signal. 

In contrast, the talker's speech signal collected by 

40 the microphone 12 and subjected to acoustoelectric 
conversion is inputted to the analog switch 13. At this 
time, with the analog mode being on, the analog switch 
13 has been controlled by the switch control signal SW 
from the controller 20 so that the sending speech signal 

45 may be inputted to the analog audio circuit 15. The 
sending speech signal is inputted to the analog audio 
circuit 15 via the analog switch 13. According to the 
sending speech signal, the analog audio circuit 15 gen- 
erates an FM-modulated signal and inputs it to the 

50 transmitter 5. The transmitter 5 mixes the FM-modu- 
lated signal with the transmission local oscillation signal 
generated from the frequency synthesizer 4 to up-con- 
vert the signal to a radio-frequency signal and then 
high-frequency-amplifies the signal. The radio-fre- 

55 quency signal from the transmitter 5 is supplied via the 
duplexer 2 to the antenna 1 , which transmits the signal 
toward the base station. 

A console unit 16 is provided with a key switch 
group 1 7 and a display 18. The display 18 is composed 
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of. for example, a liquid-crystal display unit (LCD). The 
key switch group 17 is made up of a transmission key 
1 7A, an end key 1 7B, a dial key 1 7C. and a mode spec- 
ify key 17D. Of them, the mode specify key 17D is used 
to allow the user to specify the analog mode, the digital 
mode, or the dual mode specifying no particular mode. 
A power supply circuit I9a generates the required oper- 
ating voltage Vcc on the basis of the output of a battery 
19b and supplies it to each of the above circuits. 

FIG. 3 is a further detailed circuit block diagram 
showing the configuration of the reception system of the 
mobile stations MU1 to MU4 explained above. 

In the figure, In the receiver 3. the reception radio 
frequency signal is first high-frequency amplified at a 
high-frequency amplifier 30 and inputted to a variable 
attenuator 31. The variable attenuator 31 controls the 
amplitude level of the reception radio frequency varia- 
bly The attenuator receives the amount of attenuation 
from an AGC circuit provided in the digital modulator 6, 
which will be explained later. 

The reception radio frequency signal from the vari- 
able attenuator-31 is inputted to a first mixer 32. The first 
mixer 32 mixes the reception radio frequency signal with 
a first reception local oscillation signal generated from 
the frequency synthesizer 4 to down-convert the signal 
to a first reception intermediate frequency signal. The 
first reception intermediate frequency signal passes 
through a first intermediate frequency filter 33 and is 
inputted to a second mixer 34, which further down-con- 
verts the signal into a second reception intermediate 
frequency signal. 

In the digital mode, the second reception intermedi- 
ate frequency signal is allowed to pass through a sec- 
ond intermediate frequency filter 35 and is converted 
into a digital signal at an A/D converter 40, and thereaf- 
ter is inputted to the digital modulator 6. The digital mod- 
ulator 6 not only performs synchronizing control but also 
demodulates the reception intermediate frequency sig- 
nal by a detection scheme following the n/4 shifted 
DQPSK scheme. In the digital modulator 6, an AGC cir- 
cuit is provided. The AGC circuit senses the amplitude 
level of the reception intermediate frequency signal, 
compares the amplitude level with a threshold value, 
and thereby senses the error. Then, the AGC circuit 
generates an AGC signal to make the error approach to 
zero. The AGC signal is returned to the variable attenu- 
ator 31. 

In the analog mode, the second reception interme- 
diate frequency signal is allowed to pass through a 
band-pass filter 36 and then is inputted to an intermedi- 
ate frequency amplifier 37. The intermediate frequency 
amplifier 37 performs limited amplification to FM-modu- 
late the second reception intermediate frequency sig- 
nal. The amplified reception intermediate frequency 
signal is inputted to a discriminator 38 in the analog 
audio circuit 15. The discriminator 38 FM-demodulates 
the signal to a reception baseband signal. 

The intermediate frequency amplifier 37 includes a 
circuit for sensing the amplitude level of the second 



reception intermediate frequency signal. The amplitude 
level sensed by the circuit is converted into a digital sig- 
nal at an A/D converter 39 and then taken in by the con- 
troller 20 as an RSSI sensing signal. 
5 The controller 20 includes a microprocessor (MRU) 
21. To the microprocessor 21. a ROM 22, a RAM 23, 
and an input/output port (I/O) 24 are connected via a 
bus 25. 

The ROM 22 stores not only all of the control pro- 
10 grams necessary for radio communication and part of 
the control data but also a first and second RSSI correc- 
tion tables. 

The first RSSI con-ection table stores the correction 
data corresponding to the RSSI measurement data 
75 obtained with AGC in an operating state (on). The sec- 
ond RSSI correction table stores the correction data 
corresponding to the RSSI measurement data obtained 
with AGC in a nonoperating state (off). In FIG. 5, CI and 
C2 indicate the characteristics of the correction data 
20 items stored in the first and second correction tables, 
respectively These correction data items are created on 
- the basis of the RSSI sensing characteristics with AGC 
being on and off in FIG. 4. These RSSI sensing charac- 
teristics are obtained by theoretical calculation or exper- 
ts iment. 

The RAM 23 stores not only the dial information 
and reception control information inputted from the key 
group 17 but also the corrected RSSI measurement 
data and BER sensing data to be reported to the base 

30 station for MAHO. 

The microprocessor 21 executes various control 
processes associated with radio communication on the 
basis of the control programs and control data stored in 
the ROM 22 and the control information stored in the 

35 RAM 23. The control processes include RSSI measure- 
ment control related to MAHO, which is the feature of 
the present invention. 

Hereinafter, the RSSI measurement operation in a 
hand held phone thus constructed will be described 

40 according to the control procedure of the controller 20. 
FIG. 6 is a flowchart showing the control procedure and 
the description of the control. 

When communication with the base station has 
been started, the hand held phone gives an on/off con- 

45 trol signal for on/off control of AGC operation to the dig- 
ital modulator 6. For example, It is assumed that the 
slots ST1, SRI and ST4. SR4 shown in FIG. 7 have 
been assigned as radio channels. Then, the controller 
20 gives the digital demodulator 6 an on/off control sig- 

50 nal that turns AGC on in the reception periods of slots 
SR1, SR4 and turns AGC off in the other periods. 
Because of this, in the receiver 3, amplitude control by 
AGC is effected only in a reception period of its own slot. 
In the AGC operation, the last AGC signal in the recep- 

55 tion period of its own slot is held. When the next recep- 
tion period of Its own slot has been reached, the AGC 
operation is started again with the held AGC signal as 
the initial value. 

During the above communication operation, at step 



5 



5DOCID; <EP 07551 33A2_L> 



9 



EP 0 755 133 A2 



10 



4a. the controller 20 of the hand held phone monitors 
whether the reception period of the channel assigned to 
itself has been reached. In the example shown in FIG. 
7, the controller monitors whether the reception period 
of slot SRI or SR4 has been reached. When the recep- 
tion period of its own channel has been reached, the 
controller, at step 4b. takes in the RSSI sensing value 
from the receiver 3, while carrying out control related to 
the reception and reproduction of the communication 
signal addressed to itself sent from the base station. 

Next, at step 4c, the controller 20 selects a correc- 
tion table. At present, the reception period of its own 
channel is lasting, so that the controller selects the first 
correction table corresponding to the reception operat- 
ing conditions for AGC being on. Then, at step 4d, the 
controller corrects the RSSI sensing value on the basis 
of the first correction table and stores the corrected 
RSSI sensing value in the RAM 23. At step 4e, the con- 
troller judges whether the RSSI of its own slot has been 
measured a preset number of times (e.g., three times). 
If measurement has not been made the preset number 
of times, control will be returned to step 4a, where the 
RSSI of its own channel will be measured repeatedly. 
After as many measurements as the preset number 
have been made, the average of the individual corrected 
RSSI sensing values obtained from the measurements 
is taken. The average is stored in the RAM 23 as the 
RSSI measurement data on its own channel. 

As described above, by computing the average of 
the RSSI sensing values, the accurate RSSI measure- 
ment data can be obtained, reducing the effect of a drop 
in the reception signal level, even when the reception 
signal level drops temporarily due to. for exannple, the 
effect of fading. 

Next, at step 4f, the control circuit 20 monitors 
whetheFaTTidle period has been reached. An idle period 
I is a period I between its own transmission slots ST1 
and ST4 and its own reception slots SRI and SR4. 
When an idle period I has been reached, the controller 
20, at step 4g, sets in the frequency synthesizer 4 
another channel whose RSSI should be measured. 
Then, when the radio channel has been received, the 
controller, at step 4h, takes in the RSSI sensing value 
from the receiver 3 and, at step 4i, select a correction 
table. Since the controller is now receiving the idle 
period I. AGO is off. For this reason, the controller 
selects the second correction table corresponding to the 
reception operating conditions for AGC being off. 

At step 4j, the RSSI sensing value is corrected on 
the basis of the second correction table. The corrected 
RSSI sensing value is stored In the RAM 23. At step 4k. 
it is judged whether the RSSI of the different channel 
has been measured a preset number of times (e.g., 
three times). If the measurement has not been made 
the preset number of times, control will be return to step 
4f. where the measurement of RSSI of the same differ- 
ent channel will be made repeatedly. Then, after as 
many measurements as the preset number have been 
made, the average of the individual corrected RSSI 



sensing values obtained from the measurements is 
taken. The average ^ stored in the RAM 23 as the RSSI 
measurement data on the different channel. 

Finally, at step 41. it is judged whether the RSSI has 

5 been measured for all of the other channels. If any one 
of the other channels has not been measured in RSSI, 
control will be returned to step 4f, where the above- 
described measuring operations will be repeated. In 
contrast, when the RSSI has been measured for all of 

10 the other channels, the measurement of RSSI is terrrn- 
nated. 

The RSSI measuring operation described above is 
carri^ out, for example, at regular intervals during com- 
munication. Then, each time measurement is made, the 

15 measurement data stored in the RAM 23 is updated to 
new measurement data. 

Now, It is assumed that in this state, a measure- 
ment start instruction has arrived from the base station. 
Then, after the hand held phone has returned a 

so response as shown in FIG. 8, it reads the RSSI meas- 
urement data on its own channel and the RSSI meas- 
urement data on each of the other channels from the 
RAM 23 and sends these measurement data items to 
the base station. At the same time, the hand held phone 

25 also sends the BER measurement data on its own 
channel to the base station. 

On the basis of the RSSI measurement data and 
the BER measurement data on the individual channels 
sent from the hand held phone, the base station selects 

30 the most suitable channel as a hand-off destination 
channel and reports the selected channel to the hand 
held phone. Receiving the report, the hand held phone 
switches the radio channel now in communication to the 
reported different channel. This effects the hand-off of 

35 the radio channel and the hand held phone can con- 
tinue conversation via the new radio channel. 

As described above, with the present embodiment, 
the first correction table and the second correction table 
are provided so as to correspond to the reception oper- 

40 ating conditions for AGC being on and those for AGC 
being off, respectively. The RSSI sensing values 
obtained in an AGC-on period is con-ected on the basis 
of the first correction table and the corrected value is 
stored in the RAM 23, whereas the RSSI sensing value 

45 obtained in an AGC-off period is corrected on the basis 
of the second con*ection table and the corrected value is 
stored in the RAM 23. Then, in response to a measure- 
ment start request from the base station, the individual 
corrected RSSI measurement data items are read from 

so the RAM 23. These RSSI measurement data items are 
reported to the base station for control of MAHO. 

Accordingly, both of the RSSI sensing values 
obtained when AGC was on and the RSSI sensing val- 
ues obtained when AGC was off are corrected on the 

55 basis of the most suitable correction tables, respec- 
tively. This makes it possible to always ot>tain the accu- 
rate RSSI measurement data, regardless of the on/off 
state of AGC. Use of the RSSI measurement data 
always enables accurate hand-off. 
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Additionally, with the embodiment, when the RSSI 
measurement data \s obtained for each r^io channel, 
the sensing of RSSI is done a plurality of times for each 
radio channel, and the average of these RSSI sensing 
values is taken. Because of this, even when the level of 5 
the received signal has dropped temporarily due to, for 
example, the effect of fading, the accurate RSSI meas- 
urement data can be obtained, reducing the effect of a 
drop in the level of the received signal. 

Furthermore, with the embodiment, the hand held 
phone measures RSSI at regular intervals during com- 
munication and stores the measurement data in the 
RAM 23. When a measurement start request has 
arrived from the base station, the phone reads the 
measurement data from the RAM 23 and reports it to 
the base station. This helps extremely shorten the time 
from when the base station sent the measurement start 
request until the RSSI measurement data has been 
reported, shortening the time required for hand-off con- 
trol. 

The present invention is not restricted to the above 
embodiment. For instance, at the time when a measure- 
rhent start request has arrived from the base station, the 
measurement of RSSI may be started and the measure- 
ment data obtained from the measurement be reported 
to the base station. Although this makes longer the time 
from when the base station transmitted a measurement 
start request until the hand held phone has obtained the 
measurement data, the approach makes it possible to 
always get the latest measurement data, enabling more 
accurate channel selection. Additionally, since the hand 
held phone carries out an RSSI measuring operation 
only when having received a measurement start 
request from the base station, electric power wastefully 
consumed in measuring RSSI can be reduced, making 
the battery service life longer. 

While in the embodiment, RSSI is measured a plu- 
rality of times for the other channels after RSSI has 
been measured a plurality of times for its own channel. 
RSSI may be measured as follows. After the sensing of 
RSSI is done once for its own channel, then the sensing 
of RSSI is done once for the other channels. Thereafter, 
these operations are repeated a plurality of times. 

Furthermore, while in the embodiment, the average 
of the individual RSSI sensing values is taken each time 
RSSI has been measured a specific number of times, 
the average may be computed and reported to the base 
station as follows. The incfividual RSSI sensing values 
are directly stored without striking the average of them. 
At the time when a measurement start request has 
arrived from the base station, as many RSSI sensing 
values as the latest specified number of times are 
selected and the average of them is taken. Then, the 
average is reported to the base station. 

In addition, when the RSSI measurement data is 
obtained, the maximum value may be found instead of 
striking the average of a plurality of RSSI sensing val- 
ues. From M (M g 3) RSSI sensing values. L (L < M) 
ones close to each other in value may be selected and 



the average of these L RSSI sensing values be taken. 
This enables extraordinary values to be removed from 
the plurality of RSSI sensing values, increasing the 
accuracy of the RSSI measurement data. 

Furthermore, while the embodiment, the case 
where RSSI is measured only in the digital mode in the 
dual-mode radio communication apparatus has been 
explained, the present invention may be applied to a 
case where RSSI measurement is made in the analog 
mode. Specifically, in this case, in addition to the first 
correction table corresponding to the reception operat- 
ing conditions for AGC being on in the digital mode and 
the second correction table corresponding to the recep- 
tion operating conditions for AGC being off in the digital 
mode, a third correction table corresponding to the 
reception operating conditions in the analog mode 
should be provided. The RSSI sensing values can be 
corrected by selectively using these correction tables. 

Still furthermore, in the embodiment, the case 
where the present invention has been applied to an 
RSSI measurement operation carried out during com- 
munication, has been described. Besides this, for exam- 
ple, the invention may be applied to an RSSI 
measurement operation carried out at the time when the 
power of the radio communication apparatus is turned 
on and later in the waiting period. Specifically, some cel- 
lular radio systems turn off AGC when the power is 
turned on in the mobile station, and scan the control 
channels. When finding a waiting control channel by the 
scanning, they turn on AGC. With such systems, the 
RSSI sensing values obtained in scanning the control 
channels are corrected on the basis of the second cor* 
rection table of the present Invention, whereas the RSSI 
sensing values obtained during the waiting time are cor- 
rected on the basis of the first correction table. 

Still furthermore, besides dual-mode radio commu- 
nication apparatuses, the present invention may be 
applied to the digital-mode-only radio communication 
apparatuses. Additionally, as long as radio communica- 
tion apparatuses are required to measure the quality of 
reception under different reception operating conditions, 
the present invention may be applied to radio communi- 
cation apparatuses used in an European GSM (global 
system for mobile communication) system and those 
used in a Japanese hand-held phone system and PHS 
(personal handyphone system), as well as radio com- 
munication apparatuses used in a U.S. digital cellular 
radio system. 

Claims 

1. In a mobile radio communication system that 
assign a radio channel by a TDMA scheme to a 
radio communication apparatus (MS1-MS4) intend- 
ing to communicate and enables said radio commu- 
nication apparatus (MS1-MS4) to get into radio 
communication with a base station (BS1-BS3) via 
the assigned radio channel, said radio communica- 
tion apparatus (MS1-MS4) comprising: 



15 



20 



25 



30 



35 



40 



45 



SO 



7 



5DOCID: <EP 07S5133A2_L> 



13 



EP0755133 A2 



14 



first measuring means (20) (4b) for measuring 
the RSSI information of the radio channel in a 
first period corresponding to said assigned 
radio channel (SRI. SR4); 
second measuring means (20) (4h) for measur- 5 
ing the RSSI information of the other radio 
channels in a second period (I) corresponding 
to an idle period for the radio channels exclud- 
ing the said assigned radio channel; 
a first and second correction tables (22) pro- io 
vided so as to correspond to the reception con- 
ditions In said first period and the reception 
conditions in said second period (1); and 
correction means (20) that corrects the RSSI 5. 
information measurement values obtained is 
from said first measuring means (20) (4b) on 
the basis of said first correction table (22) and 
determines the corrected RSSI information 
measurement values to be first measurement 
data and that con-ects the RSS! information 20 
measurement value obtained from said second 
measuring means (20) (4h) on the basis of said 
second con-ection table (22) and determines 
the corrected RSSI information measurement 
values to be second measurement data. ss 

2. A radio communication apparatus according to 
claim 1 , characterized in that 

said first and second measuring means (20) 30 
(4b) (4h) each start the measurement of RSSI 6. 
information at the request of said base station 
(BS1-BS3). and 

said con-ectlon means (20) con-ects the RSSi 
information measurement values obtained 3s 
from said first and second measuring means 
(20) (4b) {4h) and reports the corrected first 
and second measurement data items to said 
base station (BS1-BS3). 

40 

3. A radio communication apparatus according to 
claim 1 , characterized in that 

said first and second measuring means (20) 
(4b) (4h) each start the measurement of RSSI 45 
information independently, and 
said correction means (20) corrects the RSSI 
Information measurement values obtained 
from said first and second measuring means 
(20) (4b) (4h), stores the corrected first and so 
second measurement data items, and reads 
these first and second measurement data 
items at the request of said base station (BS1- 
BS3) and then reports these data items to said 
base station (BS1 -BS3) . ss 

4. A radio communication apparatus according to 
claim 1 , 2, or 3, characterized in that 



said first measuring means (20) (4b) measures 
the RSSI information of the assigned radio 
channel a plurality of times and thereby obtains 
the measurement values, and 
said correction means (20) (4h) corrects, on 
the basis of said first correction table (22). the 
plurality of RSSI information measurement val- 
ues obtained by the plurality of measurements 
at said first measuring means (20) (4b) and 
takes the average of the corrected values and 
then determines the average to be the first 
measurement data item. 

A radio communication apparatus according to 
claim 1 , 2, or 3, characterized in that 

said second measuring means (20) (4h) meas- 
ures the RSSI information of each of the other 
radio channels a plurality of times and thereby 
obtains tiie measurement values of each of the 
other channels, and 

said correction means (20) corrects, on the 
basis of said second correction table (22). the 
plurality of RSSI information measurement val- 
ues obtained by the plurality of measurements 
at said second measuring means (20) (4h) and 
takes the average of the corrected values and 
then determines the average to be the second 
measurement data item. 

In a mobile radio communication system that 
assign a radio channel by a TDMA scheme to a 
radio communication apparatus (MS1 -MS4) intend- 
ing to communicate and enables said radio commu- 
nication apparatus (MS1-MS4) to get into radio 
communication with a base station (BS1-BS3) via 
tiie assigned radio channel, said radio communica- 
tion apparatus (MS1-MS4) comprising: 

automatic gain control means (6) (31) for per- 
forming an operation to keep constant the 
reception signal level of the radio signal sent 
from said base station (BS1 -BS3); 
control means (20) for bringing said automatic 
gain control means (6) (31) into an operative 
state in a first period corresponding to said 
assigned radio channel and into an inoperative 
state in a second period corresponding to the 
other radio channels; 

first measuring means (20) (4b) for measuring 
the RSSI information of said assigned radio 
channel in said first period; 
second measuring means (20) (4h) for measur- 
ing the RSSI information of the other radio 
channels in said second period; 
a first and second con-ection tables (22) pro- 
vided so as to correspond to tine reception con- 
ditions for sakl automatic gain control means 
(6) (31) being set in an operative state and the 
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reception conditions for said automatic gain 
control means (6) (31) being set In an inopera- 
tive state, respectively; and 
correction means (20) for correcting the RSSI 
information measurement values obtained s 
from said first measuring means (20) (4b) on 
the basis of said first correction table (22) and 
the RSSI information measurement values 
obtained from said second measuring means 
(20) (4h) on the basis of said second correction io 
table (22). 

7. In a mobile radio communication system that 
assign a radio channel t}y the selective use of an 
FDMA scheme and a TDMA scheme to a radio 75 
communication apparatus (MS1-MS4) intending to 
communicate and enables said radio communica- 
tion apparatus (MSI -MS4) to get into radio commu- 
nication with a base station (BSl -BS3) in an analog 

or digital mode via the assigned radio channel, said 20 
radio communication apparatus (MS1-MS4) com- 
prising: 

first measuring means (20) (4b) for measuring 
the RSSI information of the digital radio chan- 25 
nel in a first period corresponding to the digital 
radio channel assigned by said TDMA scheme; 
second measuring means (20) (4h) for measur- 
ing the RSSI Information of the other digital 
radio channels in a second period excluding 30 
said first period: 

third measuring means (20) for measuring the 
RSSI information of the digital radio channel in 
a third period corresponding to the analog radio 
channel assigned by said FDMA scheme; 35 
a first, second, and third correction tables (22) 
provided so as to correspond to the reception 
conditions in said first, second, and third peri- 
ods, respectively; and 

correction means (20) for correcting the RSSI 40 
information measurement values ot>tained 
from said first, second, and third measuring 
means (20) on the basis of said first, second, 
and third con*ection tables (22), respectively. 

45 

8. A method of measuring the RSSI information of a 
radio channel for use with a radio communication 
apparatus (MS1-MS4) used in a mobile radio com- 
munication system that assign a radio channel by a 
TDMA scheme to a radio communication apparatus so 
(MS1-MS4) intending to communicate and enables 
said radio communication apparatus (MS1-MS4) to 

get into radio communication with a base station 
(BS1-BS3) via the assigned radio channel said 
method comprising: ss 

the step (4b) of measuring the RSSI informa- 
tion of the radio channel in a first period corre- 
sponding to said assigned radb channel (SRI, 



SR4); 

the step (4c) of (4d) con-ecting the RSSI Infor- 
mation measurement values obtained from the 
preceding step (4b) on the t>asis of first correc- 
tion information previously set so as to corre- 
spond to the reception conditions in said first 
period; 

the step (4h) of measuring the RSSI informa- 
tion of the other radio channels in a second 
period (I) corresponding to an idle period 
excluding said assigned radio channel; and 
the step (41) of (4j) correcting the RSSI informa- 
tion measurement values obtained from the 
preceding step (4h) on the basis of second cor- 
rection information previously set so as to cor- 
respond to the reception conditions in said 
second period (I). 
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